Abstract. In this study, the effects of adenoviral-mediated glial cell line-derived neurotrophic factor (Ad-GDNF) on apoptosis of cultured bone marrow mesenchymal stem cells (BMSCs) induced by hydrogen peroxide (H 2 O 2 ) were investigated. After BMSCs infected with Ad-GDNF were treated with 500 μM H 2 O 2 at 37°C for 1 h, lactate dehydrogenase (LDH), MTT and TUNEL methods were used to detect cell viability and apoptosis. In addition, the levels of GDNF in the supernatants in BMSCs cultures were detected by ELISA, pro-inflammatory cytokines IL-6 and TNF-α in the supernatants and apoptosis-related protein Bax and Bcl-2 in cell pellets were investigated. The results showed that H 2 O 2 treatment significantly induced apoptosis of BMSCs and decreased the viability of BMSCs. However, Ad-GDNF significantly reversed the effects of H 2 O 2 on BMSCs. Furthermore, Ad-GDNF significantly decreased the levels of IL-6 and TNF-α and increased Bcl-2/Bax ratio in BMSCs treated by H 2 O 2 . In conclusion, Ad-GDNF inhibits apoptosis of BMSCs induced by H 2 O 2 , and the mechanisms may be related to down-regulating the expression of IL-6 and TNF-α and up-regulating the ratio of Bcl-2/Bax in BMSCs.
Introduction
Transplantation of BMSCs has been demonstrated a great promising therapeutic potential for various central nervous system (CNS) diseases. But adverse microenvironments in injured CNS such as oxidative stress, believed to be central events in the pathological process [1] , have negative effects on the survival of transplanted BMSCs. GDNF, a potent neurotrophic factor, can affect neuronal development, survival, outgrowth and have neuroprotective effects against various neuronal insults [2] [3] [4] [5] . Indeed, it has previously been proved that BMSCs infected with Ad-GDNF (GDNF/BMSCs) were co-cultured with neurons subjected to hypoxia, the neuronal apoptosis were decreased compared with the neurons subjected to hypoxia alone; and the transplantation of GDNF/BMSCs also ameliorated significantly functional deficits and decreased apoptotic cells compared with transplantation of BMSCs after cerebral hemorrhage [6] . However, the underlying mechanism how GDNF relieves functional deficits and decreases cell apoptosis remains largely unknown. This study was designed to discuss the protective effect and possible mechanisms of Ad-GDNF against H 2 O 2 -induced apoptosis of BMSCs, which will conduce to further understanding of the therapeutic use of GDNF/BMSCs in transplantation strategies for central nervous system diseases, especially involved oxidative stress.
Materials and methods

Reagents and apparatuses
DMEM medium, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 4', 6-diamidino-2-phenyl-indole (DAPI) (Sigma, USA); fetal bovine serum (FBS, Hyclone, USA); enzyme-linked immunosorbent assay (ELISA) Kit (Beijing Yonghui Biological Technology Co., Ltd., Beijing, China); The terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin nick end labeling (TUNEL) in situ cell death detection kit-POD (Roche Diagnostics Gmbh, Mannheim, Germany), Lactate dehydrogenase assay (LDH) Kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China); microplate reader (BioTeK, ELX800, Vermont, American), Olympus Fluorescence microscope (Japan).
Culture and infection of BMSCs
GDNF recombinant adenovirus vector (pAdEasy-1-pAdTrack CMV-GDNF, Adenoviral-mediated GDNF, Ad-GDNF) was prepared as described previously, and the viral titres were l×10 9 PFU/mL and the infection rate was 100% [6, 7] . BMSCs of C57BL/6 mouse (MUBMX-01001) were purchased from Cyagen Biosciences Inc, Guangzhou, China. The infection of BMSCs was performed as previously described [8] . Briefly, BMSCs were plated in DMEM medium containing 10% FBS at a density of 1×10 5 cells/mL in 50 mL flask in a humidified environment with 5% CO 2 at 37°C. When the BMSCs were at 80% confluence, 3 mL DMEM and 120 μL GDNF virus solutions were added to each flask and were further incubated for 2 d to obtain GDNF/BMSCs.
MTT assay
Cell survival was determined using the MTT assay. BMSCs and GDNF/BMSCs were respectively plated at a density of 5×10 3 cells per well in 200 μL DMEM in 96-well plates and incubated for 24 h. Then cells were explored to 500 μM hydrogen peroxide (H 2 O 2 ) for 1 h. After washing with PBS, cells were incubated with 150 μL medium and 20 μL 0.5% MTT at 37°C for 4 hours. The media were removed, and 150 μL dimethyl sulphoxide were added to each well. The absorbances at 490 nm wavelengths were read using a microplate reader. BMSCs without any treatment were subjected to MTT assay served as a control.
LDH release assay
The amounts of LDH in the medium reflect the loss of membrane integrity, apoptosis, or necrosis. H 2 O 2 -induced cytotoxicity was evaluated by measuring the quantities of LDH released into the medium from H 2 O 2 -injured BMSCs. Briefly, BMSCs and GDNF/BMSCs were explored to 500 μM H 2 O 2 for 1 h, and the supernatants were used for LDH activity analysis following the commercially available LDH assay Kit protocol. The absorbances of the reaction mixture were measured at 450 nm wavelengths on the microplate reader.
DAPI staining and TUNEL assay
The apoptosis induced by 500 μM H 2 O 2 was determined by morphological observations done with DAPI staining and TUNEL assay. BMSCs and GDNF/BMSCs were treated with 500 μM H 2 O 2 for 1 h and then fixed in 4% paraformaldehyde for 30 min at room temperature. The cells were dyed with DAPI staining Kit for 10 min, and washed with distilled water twice, then observed using a fluorescence microscope. TUNEL assay was determined by TUNEL in situ cell death detection kit-POD according to the manufacturer's protocol. Endogenous peroxidase activity was quenched with 3% H 2 O 2 in methanol for 10 min and permeabilization was performed with 0.1% Triton X-100 in 0.1% sodium citrate for 10 min. Then TUNEL reagent was added to each well and was incubated for one hour at 37°C in the dark. After converter-POD was added on the cells for the reaction at 37°C for 30 min, the samples were spotted with DAB and hematoxylin at the room temperature.
ELISA assay
ELISA assay was used to detect: neurotrophic factors, GDNF; pro-inflammatory cytokines, IL-6 and TNF-α; and apoptosis-related protein, Bax and Bcl-2. Briefly, BMSCs were infected with Ad-GDNF for 2 d to get the GDNF/BMSCs, and then were passaged at 1:2 using 0.25% trypsin solution. The supernatants of uninfected BMSCs and the end of passage 1, 2, and 3 of GDNF/BMSCs were collected for GDNF analysis. After BMSCs and GDNF/BMSCs had been treated with 500 μM H 2 O 2 for 1 h and then the cultures were centrifuged. The supernatants were collected for IL-6 and TNF-α analysis, and cell pellets were collected and repeated freezing and melting three times for Bax and Bcl-2 analysis. ELISA assay was performed following the manufacturer's protocol. The absorbances at 450 nm wavelength were determined using a microplate reader. According to the absorbances of the standard sample and the corresponding concentration value, a standard curve was drawn and the concentrations of GDNF, IL-6, TNF-α, Bax and Bcl-2 were calculated.
Statistical analysis
The data were expressed as mean±SD. The data were from five independent experiments. A statistical comparison was performed using one-way ANOVA. P value < 0.05 was considered statistically significant. 3. Result
As shown in Figure 1 , MTT results showed the viability of BMSCs exposed to H 2 O 2 was significantly decreased compared to the BMSCs without any treatment (P < 0.05). However, when exposed to H 2 O 2 , the viability of GDNF/BMSCs was significantly increased compared to BMSCs (P < 0.05). The results indicated that GDNF suppressed the BMSCs' death induced by H 2 O 2 . Consistent with the results of MTT, the treatment of H 2 O 2 significantly increased the LDH release in medium, but LDH release in GDNF/BMSCs was lower than that in BMSCs (P < 0.05), suggesting that adenoviral-mediated GDNF decrease H 2 O 2 -induced cytotoxicity.
Ad-GDNF inhibited apoptosis of BMSCs induced by H 2 O 2
To determine whether Ad-GDNF inhibits apoptosis of BMSCs induced by H 2 O 2 , the apoptosis of BMSCs in the presence or absence of Ad-GDNF was assessed by DAPI and TUNEL staining. As shown in Figure 2 , DAPI staining revealed that many condensed nuclei or apoptotic bodies were observed in BMSCs after exposed to H 2 O 2 , however, administration of Ad-GDNF decreased significantly apoptosis of BMSCs compared with treatment with H 2 O 2 alone. TUNEL staining was used to quantify the number of apoptotic cells induced by H 2 O 2 . BMSCs treated with Ad-GDNF showed significant decreases in the ratio of TUNEL positive cells compared to vehicle-treated cells (68.11%±6.63% vs. 35.89%±3.04%, P < 0.05). 
Ad-GDNF increased GDNF expression in BMSCs
To ascertain whether Ad-GDNF increases GDNF expression in BMSCs, ELISA assays were performed to test the content of GDNF protein in GDNF/BMSCs and BMSCs. As shown in Table 1 , GDNF/BMSCs had higher GDNF protein expression than BMSCs (P < 0.05), however, the contents in passage 1, 2, and 3 of GDNF/BMSCs had no significantly difference (P > 0.05).
Ad-GDNF restrained secretion of IL-6 and TNF-α from BMSCs induced by H 2 O 2
To investigate the potential mechanism by which Ad-GDNF inhibits H 2 O 2 -induced apoptosis in BMSCs, the secretion of pro-inflammatory cytokines, IL-6 and TNF-α from BMSCs when exposed to H 2 O 2 was detected. ELISA analysis revealed under H 2 O 2 -induced oxidative stress, GDNF/BMSCs lowered the expressions of IL-6 and TNF-α with respect to BMSCs (P < 0.05), suggesting that treatment of Ad-GDNF significantly inhibite the H 2 O 2 -induced secretion of IL-6 and TNF-α from BMSCs, as shown in Table 2 .
Ad-GDNF up-regulated Bcl-2/Bax ratio in BMSCs under oxidative stress
To investigate whether apoptosis was involved in protective effect of Ad-GDNF on BMSCs exposed to H 2 O 2 , the expressions of anti-apoptotic protein, Bcl-2 and pro-apoptotic protein, Bax were detected. It has been believed that the Bcl-2/Bax ratio may be more crucial than either promoter alone to prevent apoptosis [9] . Therefore, Bcl-2/Bax ratio in cell pellets was estimated by ELISA analysis. The results showed under oxidative stress, the Bcl-2/Bax ratio in GDNF/BMSCs increased significantly compared to BMSCs (P < 0.05), suggesting that Ad-GDNF up-regulate Bcl-2/Bax ratio in BMSCs after exposure to H 2 O 2 , as shown in Table 2 .
Discussion
Oxidative stress is one of major mechanisms underlying the pathogenesis of neurodegenerative diseases [10, 11] and chronic inflammatory diseases [12] . Although previous studies indicate transplantation of GDNF/BMSCs contributed to relief of functional deficits in rats following stroke [6] , the mechanisms are unknown. The oxidative stress contributes to pathogenesis of CNS diseases [13] . Therefore, the effect of GDNF/BMSCs on oxidative stress such as H 2 O 2 in vitro was investigated.
In present, MTT and LDH analyses showed that viability of BMSCs was significantly decreased after exposure to H 2 O 2 and Ad-GDNF significantly reversed this effect. These results suggest that Ad-GDNF protects BMSCs against oxidative stress, which are consistent with the previous reports [14] [15] [16] . It has been reported that GDNF exerts neuroprotection against H 2 O 2 by increasing glutathione peroxidase-1 [14, 15] and decreasing heme oxygenase-1 [16] . In addition, apoptosis was detected by TUNEL and DAPI staining. The results showed that Ad-GDNF significantly decreased the apoptosis of BMSCs when exposed to H 2 O 2 . The results confirmed that death of BMSCs induced by H 2 O 2 mainly results from apoptosis, and GDNF partly blocks this apoptosis. GDNF has been found to have powerful anti-apoptotic effects at various insults, such as radiation, spinal cord injury and 6-hydroxydopamine [17, 18] . However, the exact mechanisms need to explore. When they were exposed to H 2 O 2 , BMSCs were injured and maybe release the proinflammatory cytokines, which in turn damage the BMSCs and induce the apoptosis of BMSCs. IL-6 and TNF-α, potent proinflammatory cytokines, play a critical role in initiating and sustaining the inflammatory response [19] . Meantime, IL-6 and TNF-α are also pro-apoptotic cytokines because they promote neuronal apoptosis induced by hypoxia-ischemia [20] . In present, the levels of TNF-α and IL-6 from the supernatants in cultures were detected after BMSCs were exposed to H 2 O 2 . The levels of TNF-α and IL-6 in GDNF/BMSCs cultures were significantly reduced compared to BMSCs cultures. Given that GDNF content in the supernatants from GDNF/BMSCs cultures were significantly increased compared to BMSCs cultures, it can be supposed that GDNF secreted from BMSCs may inhibit TNF-α and IL-6 secretion from BMSCs, which may induce apoptosis of BMSCs exposed to H 2 O 2 .
Moreover, previous reports have shown that pretreatment of GDNF prevented the apoptotic effects by the up-regulation of the anti-apoptotic protein, Bcl-w and Bcl-2, as well as the down-regulation of the pro-apoptotic proteins, Bad and Bax [18] . The up-regulating levels of GDNF inhibit the expression of the Bax and caspase-3 in H 2 O 2 -treated astrocytes [21] . These results indicate that GDNF protection against apoptosis is related to modulating the expression of apoptotic protein. Therefore, the Bcl-2/Bax ratio was investigated under H 2 O 2 oxidative conditions. The results showed that Bcl-2/Bax ratio in GDNF/BMSCs cultures was higher with respect to BMSCs cultures, which suggested that GDNF prevent apoptosis by modulating Bcl-2/Bax ratio. The results in vitro are consistent with previous results in which transplantation of GDNF/BMSCs has been shown to lessen number of apoptotic cells compared with transplantation of BMSCs alone after cerebral hemorrhage [6] .
In conclusion, Ad-GDNF inhibits apoptosis of BMSCs induced by H 2 O 2 , and the mechanisms may be related to down-regulating the expression of IL-6 and TNF-α and up-regulating the ratio of Bcl-2/Bax in BMSCs.
